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INTRODUCTION 


Studies of the effects of sulphur dioxide (SO,) on plants were first 
initiated in the late nineteenth century. Because of its intrinsic in- 
terest to both chemists and biologists the existing literature is now 


1-28 
voluminous, and has frequently been reviewed 


Except in proximity to emission sources, air pollutant concentrations 
are some six orders of magnitude lower than the most abundant natural 
components of the atmosphere. The background level of sulphur dioxide 
(SO,) in the atmosphere is 1-4 Saar urban areas with a considerable 


variation in SO, concentration the long time mean values are considered 


to be about ten times the background level. 


With regard to this,most studies of the effects of air pollutants on 
plants have been criticised because they have tended to concentrate on 
visible symptoms of damage in experiments where unrealistically high con- 
centrations have been used. Furthermore, most experimental fumigations 
involve a single pollutant although this is rarely the prevailing si- 
tuation in urban and industrial environments. Usually the experimental 
studies nave been carried out with steady levels of pollutants. Again, 
this is far from the normal situation. It has been claimed that any 
study that uses high levels of pollutants, however short-term, is likely 


to be stigmatised as unrealistic despite the fact that transients which 


tsa atl Ban a I lh le ii ES SI ce i Ee EET 
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Concentrations are often quoted in ppb, pphm, ppm. 
-3 
These are converted to WE m as follows. 


- -3 
ppb x 10 3 x molecular weight (MW) x 40,9 = jue m (at normal atm pressure) 





-3 a 
quantity in pem x x 0,0244 x 10 = pphm 


undoubtedly occur in urban and industrial environments may even exceed 

these levels. While there might be justification for criticism of this 

kind, experimental and field studies of a more rigorous nature have led 

to important advances in our knowledge of the way air pollutants attack 
metabolic processes, or affect the plant's functioning at the physiolo- 
gical level. There is also experimental evidence that the effects of SO, 

on photosynthesis are accentuated in combination with other soll Wee a 
sO, has a somewhat special position among aig pollutants since sulphur is 


one of the essential plant nutrients. As a consequence, both harmful and 


beneficial effects are conceivable. 


Plants sometimes show specific responses to pollutants and therefore may 


32 
be used as biological indicators for determination and evaluation of effects 






of pollutants. In the field, some lichens seem to be more sensitive to 
22 
atmospheric pollution by SO, than other plants. Thus, the absence of 


33 
lichens from urban / individual industrial areas or even whole countries 


has been associated with atmospheric pollution by SO, « It has been suggested 


ey) 
e e e -3 . 
that sensitive species might be affected already at 10-30 pre SO. m~ air. 


In comparison it is estimated that sensitive coniferous plants such as 


Pinus silvestris (L.) are adversely affected at mean concentrations of 
23 ; ; 2 Sng ss sh 
SO, over 80 jee m during the vegetation season. Some individuals and 
35-41 
races or cultivars of species can vary greatly in their sensitivity to 
SO,- Variation in sensitivity can also be observed, within the plant, in 


7528,42,43 
leaves of different ages. 


The inhibition of photosynthesis is often regarded as the first sign of 


a 
SO, action on plants. However, in some species physiological processes 


such as nitrogen fixation or other processes mediated by enzymes sensi- 


21 
tive to SO, May be equally or even more rapidly inhibited (I). 


Dealing with environmental pollution promises to be one of the many 
urgent problems in the years to come. It can be foreseen that as the 
subject develops it will be increasingly necessary for biologists to 
consider the interaction between air pollutants and plants in natural 


ecosystems, in agriculture and in forestry. 


DISCUSSION OF THE EFFECTS OF SULPHUR DIOXIDE IN PHOTOSYNTHESIS AND 


NITROGEN FIXATION 


An initial stimulation of photosynthesis at low SO, concentrations or 
uy 
even by sulphuric acid treatment, has been observed in studies with chloro- 
45,46 47 48 30 
plasts, algae, lichens and higher plants. Generally this effect is short- 
lived and followed by a substantial inhibition with prolonged fumigation 


30 
time. 


It has generally been difficult to explain the observed S0,-effects on 
photosynthesis and, to elucidate the underlying mechanism(s). Most stu- 


dies of SO, action on photosynthesis have been related to the photosyn- 


2 
thetic performance of the plant e.g. expressed as the net CO, exchange 
under Hee or less well defined conditions. From these studies, however, 
it has not been possible to obtain information about the underlying 
mechanism(s). Therefore, an alternative approach has been to study the 
reactions of SO, eee an attempt to assess the relevance of such 
reactions to physiological conditions in vivo. Although only a selection 
of the numerous physiological or biochemical processes in a plant may 


be monitored in any one experiment, these studies are needed to give an 


understanding of SO, action on photosynthesis and to identify sensitive 


mechansims. 


There exist several plausible explanations for the SO, action(s) on 
photosynthesis. The reported effects of SO, and other gaseous pollutants 


on stomatal activity and behaviour are of importance. An extensive re- 
49 
view of this topic has recently been made by Mansfield. Several investi- 


Somer 
gators have stressed the acidifying effects of SO, being caused by 


formation of either sulphurous acid or after oxidation, sulphuric acid. 


The conversion of chlorophyll to phaeophytin has been one concomitant 


Bee ee 
site of the action of SO, on photosynthesis. 


The sulphur is normally required in a reduced state in the plant, which 


is obtained after reduction of sulphate (so; ). Whether exogenous sulphite 


= 52 
(sos) fits into the scheme for so, reduction is doubtful. However, the 
ability to oxidize S05 to SO, is considered to be correlated with re- 
eee) 


sistance to toxicity. 


: : Pie : 
Recent studies have indicated that the predominant site for SO, oxida- 


45 46,54 
tion is in the chloroplast. In isolated chloroplasts the oxidation is 


shown to be dependent on the photosynthetic electron transport and pro- 
4554555 
bably initiated through the univalent reduction of oxygen. It has also 


- 


been suggested that low S04 concentrations could stimulate the electron 
46 4 
transport and enhance the CO, fixation. The So; formed by oxidation 


é : 2- 
will be reduced to the sulphide (S  ) level via the assimilatory pathway 
of sulphate reduction. The chloroplast has also been shown to be the 


d 2 ae : : 
site for SO), reduction, and this process is connected with the electron 





transport in photosynthesis which delivers the energy for sof activa- 
52,56-58 : 

tion. Chloroplast preparations of plant leaves contain sulphite reductases 
_ Os ou 62,63 


XS 2 
and are able to reduce SO, to S (protonated to H,S). This reaction is 


also dependent on the electron flow of photosynthesis. 


Whether toxic amounts of HSO, or S05 will be formed inside chloroplasts 
e ° ° ° 64 
during fumigation with SO, has been disputed. Bisulphite compounds formed 


by sO, fumigation have been shown to exert nonspecific effects on the 


47,6567 
chloroplast membrane and also to disturb fluxes of ions’and to cause 
47 
leakage of photosynthetic products. Ultrastructural investigations on 


68473 
chloroplast membranes have shown that the first symptoms are swelling 


of grana thylakoids and fret channéls between the grana and granulation 
of the stroma. It is of interest that the effect is reversible after 

68 
short time fumigation with SO, « One Of the most important aspects Of pro- 


tein and membrane disruption is the cleavage of disulphide linkages by 


~ 14 


SO, - Since the structure and function of several proteins are highly 


dependent on the integrity of the disulphide bounds, the breakage of 
these should gradually inactivate several enzymes and alter membrane 
proteins. It has also been shown recently that the lipid composition of 


chloroplast membranes can be altered by SO. - 


Although it has been claimed that the sulphur anions have no direct in- 
45,76-78 
hibitory effect on photosynthetic electron transport, a number of in- 


vestigations show that the oxygen eae of intact Chicreplasts is in- 
9-81 
80 


hibited by 'SO,', HSO,, sos and 8h oc It is concluded by Baldry et al. 


that oe does not interfere with the mechanisms of 0, evolution, or 


electron transport , but that by affecting photophosphorylation, or ATP 
utilization it indirectly inhibits the conversion of 3-phosphoglycerate 
to 1,3-diphosphoglycerate, and hence the final stages of hydrogen transfer. 
That a0 and §0°” are capable of inhibiting phosphorylation has con- 


Mm 
82-88 
vincingly been demonstrated in several different systems tested. 


89 ins 
Jagendorf has recently proposed an hypothesis for the SO), innibition. 
However, there is some doubt that inhibition of photophosphorylation could 


entirely explain the observed inhibition of photosynthetic oxygen evo- 


pen 
lution by SO, « It was furthermore shown that the inhibition of oxygen evo- 
lution was relieved by addition of superoxide dismutase (SOD), indicating 
ol 


the participation of the superoxide radical. 


Several other possible targets for SO, in the photosynthetic process 


nucleophilic agent the sulphite sulphur, 


ad gaL 
even in low concentrations, interacts directly with the pyridinium 


have been suggested. As a 


moiety of e.g. NAD and NADP. HSO., will form a reversible adduct with 
; : hae ; 

NAD in analogy to its reaction with other nucleophiles. SO, combines 

with NADP to give a hydroxypyridine-4-sulphonic acid which is capable 

of forming an undissociable complex with dehydrogenase and thereby in- 


2m is; ; : : 
hibits the hydrogen transfer. SO, » is a strong ligand and binds to iron- 


93 
heme containing enzyme centres. This has been used to explain SO, 


: : 2- 
blockage of metallo-enzyme mediated processes in photosynthesis. SO, 


48,92,94 
issalsoa known to, bind to Weapon A wellknown reaction is thiamine 


G5 5265 97 oe 98 : ; 
cleavage. The reactivity of SO, is such that one might expect reactions 


with phenolic compounds and quinones, and with compounds such as alde- 
hydes, especially ol - > -unsaturated aldehydes and ketons. The reaction 
with aldehydes and ketones is applicable to 5 and 6 carbon sugars formed 


in the dark reaction of photosynthesis. The formation of addition com- 
99,100 
pounds, such as & -hydroxysulfonates, which are inhibitors of enzyme 


18,19 
catalyzed reactions is questioned. 


The effect of SO, on the enzymes involved in the dark reaction of photo- 


21,101-108 
synthesis has gained considerable interest. It has been generally suggested 





that the central point of attack could be represented by the competi- 
101,106 ,108 


. 


tive inhibition of the enzyme RuBP-carboxylase with respect to CO, - 


(What is the internal concentration of "SO," in the chloroplast?). Other 


Log 103,104 
enzymes such as phosphoenolpuryvate carboxylase and malic enzyme(s)  ’ 


ee oe 
are also inhibited. S0., acts on NAD- and NADP-dependent malate dehydro- 
genase in several ways. The most important finding so far is the re- 


ported effect on light regulation of these and other ee the capa- 


city for light regulation has been shown to be strongly reduced after 
treatment of the particulate fraction from broken chloroplasts with 


Poe ‘ . 
only 10 jnot SO, in the light and in the dark. From these results it 


=_ 


F 2 : P : 
seems possible that S0., concentrations in the order of magnitude ge- 


nerated in vivo could disrupt metabolic regulation in both higher and 


NO Omer ee 
lower plants. S04 causes alteration of carbon metabolism, and the ex- 


penditure of energy and matter for detoxication is important in relation 


to plant growth and development. 


The effects of SO, on nitrogen fixation have not been investigated at 


2 


the biochemical level. Hence direct effects on the enzyme are not known. 


Several of the explanations given for the effects of SO, on photosynthesis 


Zz 


certainly could be applicable to nitrogen fixation as well. 


NOTES ON THE EFFECT ON CHLOROPHYLL 


Very often the effect of SO, on photosynthesis has been explained by 


chlorophyll breakdown or degradation. For a recent review of lichen 


24 
studies the reader is referred to Le Blanc and Rao. The phaeophytin 
DEL 
formation in plants is known to be catalyzed enzymatically . It is also 
LZ 


known that light accelerates the phaeophytinization and this has been 
suggested as one explanation of the more pronounced SO, effects in the 
light thang injthesdark. Chlgagtends) to be feetna ee at a faster rate 
13s 
than Chleb>sas,can, besseenetronsingvyivopandsin “7a tmo studies. This*dif- 
ference in stability can easily be demonstrated by use of acidic agents 
as sources of SO,» which convert Chl a to phaeophytin a. However, rapid 
phaeophytin formation has only been observed in studies with very high SO, 
concentrations or together with low pH. These situations rarely exist 
in the field, and phaeophytin formation may have very little relevance 
to the decrease of photosynthesis oaid in SO, exposed lichens or higher 


be Liss 115 
plants. 


The observed pigment changes differ widely from one species to another, 
60 
and even between varieties of the same species. There are e.g. different 


responses within the same algal species in various Lieheie ane in 
the lichen investigation reported here no chlorophyll degradation was 
observed (I). This is in accordance with several other investigations, 
where the rate of photosynthesis in short time experiments is affected 


before any effect on the chlorophyll could be detoated usin cium 


The in vivo chlorophyll destruction by SO, is complex to evaluate. 


ABSORBANCE 


0,4| 


Hse 


0,2! 


In a series of investigations on lichens and on spinach chloroplasts, 

it has been shown that SO, induced Chl bleaching is associated with a 
spectral absorption shift towards shorter na awn eet? Light $s required 
for bleaching to occur and the effects resemble those found with other 


'  alaeyeale Hs) 
oxidants, e.g. permanganate The mechanism of chlorophyll 
destruction is not explained, however, the most likely reaction is 


an oxidation of the pigment molecule. 


Trebouxia sp. 
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Absorption spectra of Treboxta sp. tsolated from Hypogymta physodes L (Ny1) 


showing the effects of SO. (12,5 ppm tn solutton) after 24 hours of treat- 
ment in buffered media at different pH's. The pigment degradation ts most 
rapid at low pH (8,75) while 50, at higher pH (5,2 or above) ts without 
effect. The degradation is accompanted with a shift in absorptton towards 
shorter wavelengths in the red part of the spectrum. No ptgment degra- 


dation was detected at pH 3,75 tf 50, was omitted. Figure from Sundstrém 


; Lig 
and Hdillgren Ambto 1978. 


0 


It was recently demonstrated in experiments with Pinus contorta that 


the effect of SO, on pigment breakdown was due to a specific effect 


on chlorophyllase and the observed reaction was not caused by increased 
120 ' ee 
acidity. Malhotra reported that 10-50 ppm SO, in solution caused a signi 
Ficant increase in chlorophyllase activity and Chl b was converted to 
the corresponding chlorophyllid b by removal of the phytol group. How- 
ever, it is possible that this enzyme is associated with a lipoprotein 
lle 


chlorophyll complex and inactive in vivo. Hence, the influence of SO, 


on this hydrolytic reaction remains to be fully investigated. 


In the study on Pinus silvestris (V), and with the 50, concentrations used 
(Vv) no degradation of chlorophyll(s) has been detected. High SO, concentra 
tions may cause a Tei of ‘the*chlorophyllea7b ratiojin pine mecdiese 
which indicates that chlorophyll a is more influenced than chlorophyll b 
when chl degradation occurs. 

121 
From in vitro studies at low pH, Peiser and Yang have suggested 
that free radicals produced by aerobic oxidation of bisulphite in the 
light are involved in the destruction of chlorophylls. Above pH 5 in 
the light there was very little chlorophyll destruction. In the dark 
chlorophyll destruction occurred if Aino 0, and glycine were added. 
Chlorophyll destruction was linked to bisulphite oxidation, anf free 
radical scavengers were effective in inhibiting the destruction of chlo- 
rophylls in both systems. Whether the free radicals produced during the 


aerobic oxidation of bisulphite are responsible for Chl destruction in 


vivo remains to be investigated. 


The Chl content of chloroplasts fluctuates, and these natural changes 
during a season are due to adaptations in the structUre® and Tunmcticnson 


the chloroplast membrane to climatic influence. It can be assumed that 


during periods of adaptation, e.g. during spring or autumn the chloro- 


sed a 






pila 


plast membrane might be more sensitive to attacks by radicals or oxi- 


o dizing/reducing agents. Reports to what extents these natural variations 


uO 


td iican he changed (delayed/enhanced) by SO, are scarce. 
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LICHEN EXPOSURE STUDIES 


When SO, +s dissolved in water a number of ionic states in equilibrium 


can be assumed, and depending upon the pH, SO, acts as a reducing or 


oxidizing agent. SO, becomes an increasingly better oxidizing agent as 
is 
the pH in the medium is lowered . The pH value inside cells and 


chloroplasts are difficult to measure but optimum pH values for enzymes 


of the reductive pentose phosphate cycle are around 7-8 in most plants. 


In this pH range HSO., and sos will be present, and SO. will be pre- 
dominant at the higher See. must be noted that the effective redox 
potentials are also dependent on the concentration and nature of other 
solutes and thermodynamic predictions based on reduction potentials 

are of course limited if the kinetics of a reaction are unfavorable. 

Based on penetration arguments it has furthermore been does CER eee 

HSO, and so” are of minor importance since the nonionic form of dissolved 


sulphur dioxide (SO, a H0) is the principal species crossing cell 


membranes. 


One limitation in all lichen studies with aqueous exposures of SO, 


or HSO, has been the inability to relate the results to those of 
123 
gaseous fumigation. Recently Nieboer et al. evaluated a model for the 


: P fo) : ‘ 
relationship, at 18 C, which was linear for the gaseous concentrations 


Yange O-S ppm. 


Very little is known about the effects of SO, on lichen nitrogen fixa- 
e ° ° . 124 
tion and photosynthesis from field studies. Kallio and Varheenmaa re- 

ported that nitrogen fixation was more inhibited than photosynthesis 


when Stereocaulon paschale and Nephroma articum were transplanted into 


a city (Abo) with an unknown mixture of air pollutants. 


In the study presented in this thesis (I) NaHSO, has been used at dif- 
ferent pH's, to mimic the SO, action. The inhibition of both nitrogen 
fixation and photosynthesis by HSO, » was much increased at low pH. 

The pH dependence is in accordance with earlier studies on lighen photo- 
synthesis. The effect of SO, in lichen studies has often been attributed 
to acidifying. The most sensitive lichen species in the field are gene- 
rally those with the lowest buffering capacity for acid Hive acce. rt 
is evident that the buffering system of any plant may be momentarily 


overloaded if high concentrations of SO, are used. In most cells the 


2 
major buffering substances operative in the range pH 6-8 are phosphate 
compounds with a pk, (6,8-7,0) and certain amino acids both free and in 
meteens rt can be stated from this study (I), where lichens and algae 
were treated in buffered media, that lowering the pH, per se did not 
cause effects comparable to those found when HSO, was present. This is 
48,117,118 
also in accordance with earlier findings. Furthermore the pH change is 
usually considered to be slow, and e.g. the inhibitory effect on nitro- 
gen fixation was rapid. The inhibition of photosynthesis and nitrogen 
fixation was light dependent and readily reversible. No good explana~ 
tion of the observed effects could be given, however, some suggestions 
were made. In addition, it could have been foreseen, that interference 
of sO, th ATP production or utilization should readily affect the energy 


requiring fixation of nitrogen. 


ECOPHYSIOLOGICAL LICHEN STUDIES 


The decline or absence of, especially, epiphytic lichens in cities, 
industrial or larger areas is a wellknown phenomenon and is. often 
thought to be caused by air pollutants. A number of different methods 
22-26 
have been used in lichen/air pollution studies. However, the possibility 
of utilizing physiological reactions e.g. the rate of photosynthesis 
Ls 
and nitrogen fixation as a form of rapid biotest in field studies has 
not been elucidated. The determination of environmental quality might 
be assisted if one could find a suitable and sensitive lichen species 
on which one could perform physiological tests in the field. Signifi- 
cant changes (only sometimes specific) in physiological activities may 
then indicate disturbance at an early stage due to a single pollutant 
or to an unknown number of pollutants in combination. However, the en- 
vironment is continously changing, and little is predictable especially 
in air polluted environments. The complexity of the interactions among 
variables, and the significance of these environmental fluctuations to 


lichen, thalli, sor.physiologicals processes.in Lichengthalli..iemyeescniy 


hinted at. 


ie es oaks by reference to the field situation that laboratory work 

on pollutants has any validity, and it is, at best, through laboratory 
work that the field situation becomes understandable. Much more work is 
needed on the SiN reeteeteer hy to obtain more information about under- 
lying mechanisms of responses to air pollutants. This is perhaps especiall 
true for lichens. An exellent review of lichen physiology and related 


; : 126 
problems is given by Farrar. 


It must be understood that research into the lichen versus fluoride (fF) 


pollution problem is still in its infancy. In the studied areas F de- 
R > 


15 


serts does not exist, however, the lichen flora is changing but is not 
yet in equilibrium with the pollution. The pollutant is in form of HF 
and in particulate form, and the lichens are subjected to constantly 


changing concentrations of the pollutants. 


The choice of parameters used to assess the response of a lichen is 
also difficult. In order to relate pollution to its source of emission 
lichens can be transplanted from unpolluted sites to "ecologically si- 
milar" but polluted sites. Gas exchange measurements are most commonly 
7 8 
used as a diagnostic tool in transplant studies. This approach has been 
used (III) and there is in many cases a good negative correlation between 
mean relative growth rate and fluoride accumulation. It must be noted 
that it is impossible to do a satisfactory control transplant, the reci- 
procal transplant is hardly a control. Photosynthesis, in Cladonia rangi 
ferina, was also negatively correlated to observed fluoride content of 
the lichen, in contrast respiration was not. The measurements were per- 
formed in the laboratory under one set of conditions, which of course 
limits the possibility of drawing any firm conclusions. 
ico, incorporation of Parmelia olivacea (III) or Hypogymnia physodes (II) 
has been measured in samples collected from different areas around sin-~ 
tering plants. A standardized sampling has been used which minimized site 
differences. In addition, only marginal parts, which are metabolically 
more active than pant ret and older parts of the thalli, have been used, 
This also helps to reduce the variability, and simplify comparisons. 
Under these conditions it is evident that lichen photosynthesis is re- 
duced in areas subjected to HF, 80, and other pollutants in air in com- 
bination (II, III). The correlation with the observed HF content in the 
lichen Parmelia olivacea was, however, not directly obvious, with the 


exception of the area close to the emission source. The reason for this 


is not known. Nitrogen fixation in Nephroma articum is also reduced near 


16 


the emission source, as shown in II. 








It is evident from the study (III) that there are considerable differen 


between lichen species in the response to F. Alectoria simplicior is 


the most sensitive species observed in the area. By measuring the lengt 


of thalli, it is indicated that part of the population is removed by 


selection. 


It can be concluded that combining field and laboratory investigations 


of effects of air pollutants must be a central, challenge in the future 


17 


CONSIDERATIONS OF MEASUREMENTS OF 50, EFFECTS ON PHOTOSYNTHESIS OF 


PINE TREE SEEDLINGS 


In order to separate the response of plants to their physical environ- 
ment from physiological changes induced by air pollutants, such as 

SO, 5 an appropriate quantitative analysis has to be ee gn has 
partly been foreseen in several of the earlier more descriptive investi- 
gations. More rencently, however, the interest has been focused on 
realistic levels of pollutant aah eRe a affecting photosynthesis 
and growth of pine eee measurement of photosynthesis can be per- 
formed in several ways and on different levels of organisation. The 
construction of the apparatus for measuring quantum yield and quanta 
absorption spectra of intact plants, can be regarded as one approach 

for linking gas exchange research on intact plants with research at the 
cellular and biochemical level (IV). By measuring the quantum flux in 

the sphere, together with the CO, ~flux, the quantum yield of photosynthe- 
Sis of intact plants can he determined. In addition the spectral distri- 
bution of the absorbed photon flux density and the absorbance spectrum, 
mainly dependent upon the concentrations of leaf pigments and leaf struc- 


ture, can be defined. Hereby the apparatus should make it possible to 


study effects of environmental factors affecting photosynthesis ade- 


quately. 


It is evident that high concentrations of SO, rapidly inhibit the net 
photosynthetic rate of primary needles of pine trees (V). The inhibition 
is readily reversible. An effect of the CO, flux by ‘medium! SO, concen- 
trations is observed at high pHocen flux densities absorbed by the plant. 
An inhibition of the Calvin cycle might be suggested. The result reported 
here shows that a decrease of the amount of RuBP-carboxylase in the seed- 
LOLRL0G LOS 


lings follows fumigation with SO, « In contrast to earlier findings, a 


: ie = 
noncompetitive inhibition of RuBP-carboxylase by S03; with respect to HCO, 


18 


is indicated in vitro. However, this inhibition found in vitro need 
not be the mechanism responsible for the observed effect in vivo. 

From the results reported here, an effect on photophosphorylation or 
ATP-utilization can not be excluded. The quantum yield of photosynthe- 
sis is not affected as long as the CO,,~exchange is limited solely by 
the absorbed quantum flux. Hence an effect on electron transport can 


not be excluded from these measurements. 


IBS) 


CONCLUSION 


In spite of its long history as an air pollutant, SO, has received 


fairly little attention from plant physiologist and biochemists. 


The reactions of the plant system to SO,- the responses - are ulti- 


2 
mately molecular in basis, but need to be regarded at several different 
levels of organisation in the plant. There exists a discrepancy between 
mechanism studies on isolated organelles, membrane systems or enzymes 

and the effect studies on intact plants. To clarify the action of SO, 


on photosynthesis, the fundamental processes of photosynthetic electron 


transport, photophosphorylation and CO, reduction should be investigated 


2 
in parallel with studies of the absorbed quantum flux and the accompanying 
processes of CO, flux and SO. flux between air and leaf. Accompanied by 

physiological studies, those biochemical mechanisms which are immedieately 


affected by air pollutants might be identified. Another central challenge 


is to connect laboratory and field studies. 
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